Abstract. Thyroid-like follicular carcinoma (TLFC) of the kidney is an extremely rare type of renal tumor, which has not been classified under a known subtype of renal cell carcinoma. It is histologically similar to the primary thyroid follicular carcinoma; however, the characteristics lack thyroid immunohistochemical markers. The aim of the present study was to illustrate the clinical characteristics of 3 new cases along with a review of the literature. The patients were compared with regards to gender, age, location and size of the tumor, imageology, morphology, immunohistochemistry and prognosis. According to the limited data, TLFC occurs mainly in young women and its clinical manifestations have no difference with other renal tumors. Its imageological features resemble a large spectrum of benign and malignant renal and extra-renal conditions, which should be eliminated in the diagnostic process. Confirmed diagnosis depends on the examination of pathology and immunohistochemistry. Surgical ablation is the preferred therapeutic method. Currently, TLFC has a relatively good prognosis; however, this conclusion requires further cases and long-term follow-ups. Improving the understanding of TLFC can help avoid misdiagnosis and prevent inappropriate treatment.
Introduction
Cancers of the kidney and renal pelvis represent 3-4% of all adult malignancies (1) with renal cell carcinoma accounting for 80-85% (2) . The World Health Organization Classification of Tumors (3) introduced several new entities in 2004, such as renal cell carcinoma (RCC) associated with neuroblastoma and mucinous tubular and spindle cell carcinoma. Thyroid-like follicular carcinoma of the kidney (TLFC) is a rare type of RCC that has not been included in this classification. TLFC is an unusual histological type of renal cell carcinoma, which is morphologically similar with follicular carcinoma of the thyroid, but is characteristically negative for thyroid immunohistochemical markers. First described in 1996 (4), only 23 cases have since been described (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) . All the literature regarding TLFC are reports of isolated cases stating their morphological and immunohistochemical features. However, the clinical characteristics of gender, age, tumor size, location and their imageological features were seldom analyzed. The present study reports 3 new cases of TLFC focusing on their clinical characteristics, imageology, and morphology and immunohistochemistry profile. These cases were also combined with the previously published cases for a comprehensive study.
Case reports
Consent and specimens. Written informed consent was obtained from all the patients. Surgical specimens were fixed in 10% neutral buffered formalin, embedded in paraffin and serially sectioned into 4-µm sections. Routine staining with hematoxylin and eosin was performed. Immunohistochemistry was carried out using standard immunohistochemical techniques.
Data analysis was performed by SPSS 18.0 software (SPSS Inc., Chicago, IL, USA). The mean age of the male and female groups was calculated with an independent sample t-test. (Fig. 1) , with no clear enhancement following contrast medium administration (Fig. 2) . Subsequent investigation with an ultrasound scan revealed a 2.8x2.7x2.7 cm solid nodule in the lower-middle section of the left kidney with a clear boundary and regular shape. The structure highlighted the outline of the kidney and it was echo-inhomogeneous. On color Doppler flow imaging, dot or streak blood flow was signaled in the nodule. On January 2013, the patient underwent a laparoscopic partial nephrectomy. During the surgery a tumor was identified that was confined to the lateral aspect of the middle pole of the left kidney with no evidence of protrusion outside the renal fascia or metastasis to regional lymph nodes. The postoperative course was uneventful and the patient was discharged 7 days later. Macroscopically, the gross specimen exhibited a well-circumscribed red-grey mass (3x3x2.8 cm). On the cut surface, the lesion was yellow-tan and soft. The tumor cells were immunoreactive for cytokeratin (CK) (Fig. 3A) , CK18, CK19 and vimentin ( Fig. 3B ) and lacked immunoreactivity for CK117, human chromogranin A and synaptophysin. Postoperative follow-up, including CT scan, at 14 months revealed no evidence of metastatic or recurrent tumors, and the thyroid ultrasound findings were within the normal limits.
Case 2. The patient was a 41-year-old man with no relevant family or social history. The patient was admitted to the Department of Emergency, Qilu Hospital (Jinan, Shandong, China) due to a sudden onset of gross hematuria, with a blood clot in the urine and left flank pain. A solid mass (6.5x6.1 cm) at the mid-pole of the left kidney was discovered by ultrasound examination. The patient subsequently underwent a CT scan that identified the existence of a fluid-filled round mass measuring 7.0 cm in its largest diameter in the middle section of the left kidney, which compressed the calyces and pelvis. The lack of enhancement following contrast and the existing high-density blood area suggested a final radiological diagnosis of a hemorrhagic cyst (Fig. 4) . Combining clinical symptoms with imaging results, it was not believed to be a benign disease. Subsequently, the patient underwent a radical nephrectomy in October 2012. The radical nephrectomy specimen disclosed a renal mass that was breaking out of the renal fascia and protruding into the perinephric fat tissue. It was well-circumscribed, measuring 6.0 cm in the largest diameter and on section the tumor showed a tan to brown appearance with extensive necrosis. Hemorrhage was identified in the perinephric adipose. No renal vein invasion was identified. CK7 staining was positive. During the surgery, there was a large hematoma in the adipose capsule following the opening of the renal fascia, and the mass was located in the central and upper sections of the left kidney. Subsequently the mass was opened and there were a large number of necrotic tissues and hemorrhagic zones. The patient appeared well after 17 months, without any other signs of disease.
Case 3. A renal mass was incidentally discovered during a medical checkup in a 25-year-old woman with a past medical history of hypertension for 20 months. Clinical examinations were not noteworthy, except for blood pressure, which was 200/130 mmHg (1 mmHg = 0.133 KPa). Laboratory data, such as thyroid function, urinalysis, routine blood count, liver and kidney functions, and blood catecholamine were within the normal ranges. A computed tomography scan demonstrated a quasi-circular and well-circumscribed mass in the upper pole of the right kidney. The lesion was density-inhomogeneous and the renal vessel was pushed down. The patient underwent right partial nephrectomy in March 2011 under the clinical diagnosis of RCC. The gross specimen showed a well-circumscribed round mass measuring 2.5 cm in its largest diameter and it had a complete capsule. On the cut surface, the lesion was pale red to gray and was a multiloculated cystic. The necrosis that was present appeared coffee-like. The tumor exhibited strong and diffuse cytoplasmic/membranous reactivity for CK7, CK20, vimentin and epithelial membrane antigen. The blood pressure returned to normal following the surgery. At the 24-month follow-up the patient was alive without signs of tumor relapse.
Histological analysis.
Histologically, all the tumors were characterized by a notable follicular architecture composed of macrofollicles and microfollicles filled with inspissated colloid-like material that mirrored follicular carcinoma of the thyroid (Fig. 5) . The follicles were irregular and lined by cuboidal cells with finely granular cytoplasm and round to ovoid nuclei showing a fine chromatin pattern and inconspicuous nucleoli. Mitotic activity was absent. All the tumors were well-circumscribed with a distinct fibrous capsule.
Immunohistochemical analysis. Immunohistochemical studies identified that the histogenetic markers for follicular cell origins, which are thyroglobulin and thyroid transcription factor-1, were negative in all lesions. The clinicopathological characteristics and immunohistochemical profile of the present and previously reported cases are listed in Table I .
Discussion
Primary TLFC of the kidney is a rare entity, with only 23 cases reported in the literature to date (Table I) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) . First described by Angell et al (4) in 1996, several cases have since emerged. In the current study, among all the reported cases, the mean age was 42.3 years (range, 19 to 83 years; median, 35.5 years), and women were the majority of the patients (17/26, 65.38%) with a significant difference in the age of onset between males and females (P<0.05). RCC occurs twice as often in men compared to women (2) , and patients are generally >40 years at diagnosis, predominantly in the seventh decade of life (20) . However, TLFC was more common in young females (average, 35.17 years), with 76.4% (13/17) of female patients <40 years old. It should be noted that TLFC is different from common RCC in terms of epidemiology.
The mean tumor size was 4.75 cm (range, 1.1 to 11.8 cm; median, 4.2 cm). All the tumors were unilateral renal diseases with 38.46% (10/26) located in the left kidney, while 61.54% (16/26) were located on the right side. The tumor was an incidental finding in 13 patients, but 13 others were symptomatic. Evidently, gross hematuria occurred most frequently among all the symptoms, followed by flank or abdominal pain. The clinical manifestations of TLFC had no difference with other renal tumors. Although the majority of cases were low grade with an indolent course, one presented with renal hilar lymph node involvement (tumor diameter, 3.5 cm) (5), one had widespread retroperitoneal lymph node and lung metastases at presentation (tumor diameter, 6.2 cm) (8), and another was identified to focus in the lower left lung lobe, the biopsy of which presented identical histomorphology as a renal tumor 2 months after nephrectomy (tumor diameter, 5.0 cm) (9), M, male; F, female; CD, cluster of differentiation; PAX-2, paxillin-2; RCC, renal cell carcinoma; WT-1, Wilms' tumor gene 1; TG, thyroglobulin; TTF-1, thyroid transcription factor-1; CK, cytokeratin; CEA, carcinoembryonic antigen; EMA, epithelial membrane antigen; HBME, human bone marrow endothelial; Syn, synaptophysin; NSE, neuron-specific enolase; CAM 5.2, cell adhesion molecule 5.2; AMACR, α-methylacyl-CoA racemase; SMMHC, smooth muscle myosin heavy chain.
highlighting the low but distinct malignant potential of these tumors. Despite this, all 9 patients were alive and disease-free at a mean follow-up of 20.5 months. The imageological features of TLFC resemble a large spectrum of benign and malignant renal and extra-renal conditions, which should be eliminated in the diagnostic process. In order to improve the understanding of its imageological features, the present cases are listed with the previously reported cases in Table II . Using the limited data, TLFC was observed to present a cystic or solid change and sometimes combines with the necrotic or hemorrhagic area. The most prominent feature of TLFC was the nearly no measurable enhancement following contrast administration, which is different from the common form of RCC and should be distinguished from the renal benign tumor. Ultrasound scan and magnetic resonance imaging can also be used in the preoperative diagnosis. In order to avoid misdiagnosis and over-treatment, ultrasound-guided fine needle aspiration biopsy is sometimes necessary.
On gross examination, all the tumors were circumscribed with or without areas of hemorrhage and necrosis. Two of the tumors grossly protruded into the renal pelvis cavity (6, 15) and another focally extended into the perinephric adipose tissue (10) . The unique histological features of this tumor are identical to the findings in the present report, with widespread macrofollicles and microfollicles containing abundant colloid-like material, bearing a striking A density-inhomogeneous mass, well-circumscribed resemblance to follicular carcinoma of the thyroid gland. Immunohistochemically, the TLFC described in the literature varied, except for that the majority of cases were consistently negative for thyroid transcription factor-1 (TTF-1) and thyroglobulin, which are markers of thyroid carcinoma (Table I) . TLFC of the kidney should be distinguished from thyroidization of the kidney, metastatic follicular carcinoma from a primary thyroid tumor and metastasis from an ovarian teratoma composed of thyroid tissue (struma ovarii).
Thyroidization of the kidney is a benign process that extensively involves the kidney, most frequently as a consequence of end-stage renal diseases or pyelonephritis. It is characterized by atrophic distal tubules and collecting ducts with colloid-like material in the lumen (21, 22) . However, this is a benign phenomenon that is typically bilateral and widespread, as opposed to TLFC, which is well-circumscribed and occurs in patients without renal disease, as in the present cases.
Metastatic thyroid follicular carcinoma to the kidney is extremely rare and only 16 cases have been reported, all but 1 occurring in the presence of widespread metastatic disease involving other organs (23) (24) (25) . It can be easily distinguished from TLFC of the kidney by its positive immunohistochemical staining for TTF-1 and thyroglobulin.
In case 1, the patient had a history of ovarian teratoma and received surgical treatment 4 years ago. Therefore, a hypothetical metastasis from a malignant ovarian lesion was eliminated. Struma ovarii is a germ cell tumor of the ovary mainly composed of thyroid tissue: Malignant transformation is rare and localized to the liver, peritoneum and omentum. To the best of our knowledge, there are no previous cases of struma ovarii metastasizing to the kidney. In any case, pelvis imaging would be expected to reveal an ovarian tumour, and the tissue would show positive immunoreactivity to TTF-1 and thyroglobulin (26) . These two features were absent in the present case. The pelvic ultrasound was normal and immunoreactivity was negative for TTF-1 and thyroglobulin.
Surgery is the main treatment for TLFC of the kidney. The surgical options contain radical nephrectomy, robotic-assisted partial nephrectomy and laparoscopic partial nephrectomy. Limited data indicate that this tumor behaves in a low malignant manner and the majority of patients have a good prognosis; however, more cases and long-term follow-ups are required.
In conclusion, the present study reports 3 new cases of TLFC, which is a rare variant of RCC with unique morphological and immunohistochemical features. Based on the previously reported cases, TLFC occurs mainly in young women and its clinical manifestations have no difference with other renal tumors. Its imageological features resemble a large spectrum of benign and malignant renal and extra-renal conditions, which should be eliminated in the diagnostic process. Confirmed diagnosis depends on the examinations of pathology and immunohistochemistry. Surgical ablation is the preferred therapeutic method. To date, the disease appears to have a good prognosis, however, it requires the accumulation of more cases and long-term follow-ups.
